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Concrete Pavement
Design for City Streets



Concrete Pavement History

Seedling Miles
® One lane, 9 feet wide

® The industry built
these In the hope
that once motorists
tried it, they would
lobby for more miles
of paved roads




Old IL 127
North of Greenville
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® In 1920, lllinois passed a '\ L
$200 million bond issue to & e B
build 9000 miles of paved SR

roads

® To determine the best
paving material, they built
sections of brick, asphailt,
and concrete

® Developed thickness
design procedures and
chose concrete for the

lllinois pavements f~... o

Old WWI Army trucks Rt e 2, e
with 9000# wheel loads DL LM T X




Source of Much of What We
Know About Pavement Design

President Eisenhower
moved us Into a new
era

AASHO Road Test
Late 50’s and early
60’s

Ottawa, lllinois




AASHO Test Traffic

Max Tandem Axle




Typical AASHO Pavement
Sections
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Keys to Quality Design

(Some things never change)

* The platform matters
— Stable
— Uniform
— Not necessarily strong




Keys to Quality Design

(Some things never change)

he platform matters

"hickness &
traffic matter




AASHO Road Test Results
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Keys to Quality Design

(Some things never change)

° The platform matters Crack Formation
® Thickness & traffic matter

® Concrete cracks, so lets
deal with it
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Natural Crack Development

® Temperature
Gradients

® Moisture
Gradients

® Thermal Cycles
e Loading

Usually starts sometime after
12 hours and may take months



Natural Crack Development

® Proper jointing early
provides a series of
saw cuts (joints)
spaced to control
crack formation

® No such thing as too
many joints!




Do It Right
and Concrete
Pavements
Provide...

® Longevity
® Low annual cost

Urbana, 1919

‘ Not too far from here, 1914



Concrete Has Stood
the Test of Time In lllinois

® Concrete on IL Interstate
system has carried from 1.6
to 7.8 times its design traffic

® Hundreds of blocks of
concrete city streets are In
excess of 50 years old

® Some streets are over 90
years old

All were designed with a 20-year life!!!



AASHTO
‘93 Guide

® Pavements Can be
Compared at Roughly
Equivalent Levels of
Reliability

® Principles in both

versions are identical
for new construction

, AATO GyIDE FOR
A\ Design of
W\ Pavement

B\ Structures




Reliability

What is 1t?

® Probability of “Winning”
@ Factor of Safety
® Usually Expressed as %

©



SERVICEABILITY

2

©
o
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AASHTO 93
for Local
Roads

Climatic Zones

For
Flexible Pavements

CHARACTERISTICS

Wet, no freeze

Wet, freeze —thaw cycling
Wet, hard-freeze, spring thaw
Dry, no freeze

Dry, freeze—thaw cycling
Dry, hord freeze, spring thaw

Figure 4.1. The Six Climatic Regions in the United States (12)




AASHTO ’93 Local Roads Catalog Designs
Table 4.7.  Flexible Pavement Design Catalog for Low-Volume Roads: Recommended Ranges of
Structural Number (SN) for Six U.S. Climatic Regions, Three Levels of Axle Load
Traffic and Five Levels of Roadbed Soil Quality— Inherent Reliability: 75 percent

Relative
Quality of Traffic
Roadbed Soil Level I II 111 | A"

Very good High 2.6-2.7* 2.8-2.9 3.0-3.2 2.4-25
Medium 2.3-2.5 2.5-2.7 2.7-3.0 2.1-2.3
Low 1.6-2.1 1.8-2.3 2.0-2.6 1.5-2.0

High 2.9-3.0 3.0-3.2 3.3-34 2.7-2.8
Medium 2.6-2.8 2.7-3.0 3.0-3.2 2.4-2.6
Low 1.9-2.4 2.0-2.6 2.2-2.8 1.8-2.3

High 3.2-33 3.3-34 3.4-35 3.0-3.2

Medium 2.8-3.1 2.9-3.2 2.7-3.3 2.7-3.0
Low 2.1-2.7 2.2-2.8 2.3-29 2.0-2.6

High 3.5-3.6 3.6-3.7 3.7-3.9 3.4-3.5
Medium 3.1-34 I_}_hj_?_l 3.4-3.6 3.0-3.3
Low 2.4-3.0 2.4-3.0 2.5-3.2 2.3-2.8
Very poor High 3.8-3.9 3.8-4.0 3.8-4.0 3.6-3.8

Medium 3.4-37 3.5-3.8 3.5-3.7 3.3-3.6
Low 2.6-3.2 2.5-3.3 2.6-3.3 2.5-3.1 e e o
A\ Design of

*Recommended range of structural number (SN). Pgt‘;%rcntﬁlrlé L

U.S. Climatic Region




AASHTO 93 Local Roads Catalog Designs

Low-Volume Road Design 11-85

Table 4.9(b). Rigid Design Catalog for Low-Volume Roads: Recommended Minimum PCC Slab
Thickness (Inches) for Three Levels of Axle Load Traffic and Five Levels of Roadbed
Soil Quality

Inherent reliability: 75 percent.
With Granular Subbase

Load Transfer Devices No

Edge Support No

Se (psi) 700 600
Relative Quality

of Roadbed Soil _ Low Traffic

Very good & good 5
Fair 5
Poor & very poor 5

Medium Traffic

Very good & good . 5.25 6

Fair . 5.5 6.25
Poor & very poor . 5.5 6.25
High ’I‘raﬂ.ic GUIDE FOR

A\ Design of
Very good & good . . 6.75 R\ Pavement

Fair 6.75 Structures
Poor & very poor 6.75




H _ _ _
a° &C ‘q‘“—?‘ Equivalent Sections for a GGiven Level of Fully Loaded
_{5' ‘\! Semi-Tractor Trailers Under Typical Illinois Conditions
ﬂ (Based on 1993 AAFHTO Guide for Design of Favement Strucfures - 30 % Eeliability)

10 Tracks Per Day

3 in. Class I 3wt

A i1 Clasz I Binder

31 POC
/4” Crratlar-Suhbhase \

FGratmalar Suhbaze

20 Trucks Per Day

3 in. Class I 5wt

Qin Class I Binder

.8 in PCC
7 Franalar Bibbhase \

/ I Granular-Subbase \




Built ‘84

Rockford
5” Concrete
About the same time
as the asphalt



Alternates with Approximate Costs

10 Trucks Per Day

3in. BIT. Surface

Approximate Costs'sq. yd.
5.1 in. CONCRETE CONCRETE  ASPHALT*®

$26.18 $37.30
/ 4” Granular Subbase / 4* Granular Subbaze \

50 Trucks Per Day

6 in. BIT. Binder

3in. BIT. Surface

6.8 in. CONCRETE Approximate Costs/sq. yd. 9in. BIT. Binder

CONCRETE  ASPHALT*®

$£30.56 $49.73
4> Granular Subbase 4” Granular Subbase




Recommendations
for Peoria

® The 7-inch recommendation
— Conservative for subdivisions
— Probably light for collectors
— Should be doweled for anything greater than 85 trucks/day

@ Jointing
— Panel lengths < 15 feet, shorter is better
— Widths < 13 feet
— Tied curb and gutter enhances performance

® Granular subbase

— Test data indicate it is worth about 30 percent increase in
performance compared to no subbase

— But 9 inches is no better than 3 inches
— Point of diminishing returns reached quickly for concrete



http://www.iowasudas.org/design.cfm

Statewide Urban Design  pegign Manual

and SPE‘-CiﬁCRt ns Chapter § - Roadway Design
SF — PCC Pavement Joints

S5F-1 Crack Control and Load Transfer

‘ O O d S e C A. General information
| d jointing plan will ease construction by providing clear guidance. The development of a
ointing plan requires the d ner to think he spect roject requirements but
the entire project jointing system. Jointi 3 in some ps f 2 ect can hav
section deals primarily with plain jointed pavements (tie bars
). The primary function plain jointed pavements is to provide for
d s across the joint, either through tie bars that hold th
or aggregate interlock to be maintained: or dowel bar:

1 to control
sometimes referred to a buted
steel reinfore . Fdis joint reinforced pavements. Joint reinforced
pavement d primarily to control cracking provide for load transf:
of the slab between tras joints. Joint reinforced
hich has very fe

from stress caused by concrete drying shri

restraint curling and
transverse and longitudinal eracking in




Other Benefits
of Concrete

Durable rut resistant surface
Reduce Iinterim maintenance

Environmentally Friendly
— Light Reflective - Day and Night
— Reduces Urban Heat Island Effects

In today’s environment, it may
even cost less!



Thanks for your time!

RANDELL C. RILEY, P.E.
Executive Dir. - Engineer
P.O. Box 9530

Springfield, IL 62791-9530
PH: (217)793-4933 FAX: 217.793.5188
pccman@ilacpa.com
www.ilacpa.com
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